Objectives: To evaluate the ratio of energy intake to basal metabolic rate (EI/BMR) among young female Japanese adults, and to compare the lifestyle and dietary characteristics between relatively low and high reporters.
An accurate assessment of habitual dietary intake is very important in determining the association between diet and disease. Several dietary assessment methods have been developed, validated and used in dietary surveys. However, any method used to assess self-reported dietary intake is not entirely able to avoid reporting errors 1 . Most dietary surveys may include not only random errors but also systematic errors, such as the misreporting of true intake by certain subject groups 2, 3 .
In the 1980s, the development of the doubly labelled water technique, which measured the total energy expenditure of subjects in free-living situations 4, 5 , made it possible to validate reported energy intake as an external biomarker 6 -8 . However, the high cost of the technique has restricted its use to relatively small-scale studies. As an alternative approach to detect misreporting of energy intake, Goldberg et al. 9 introduced the ratio of reported energy intake to basal metabolic rate (EI/BMR). Many investigators who have used the Goldberg cut-off value to identify underreporters 10 have indicated that reporting errors have been associated with subject characteristics 3 . However, almost all studies on this issue were conducted in Western countries such as in Europe 11 -14 , the USA 15 and Australia 16 . No studies have been performed in Asian countries except one dealing with pregnant Indonesian women 17 .
The purpose of the present study was to evaluate EI/BMR values in order to examine the prevalence of misreporting of energy intake in female Japanese students and the relationship between reported energy intake and body mass index (BMI) and nutrient intakes.
Subjects and methods

Subjects
The subjects were freshmen who were enrolled in dietetics courses at 22 colleges and technical schools in Japan in April 1997 (n ¼ 2069). All the questionnaires were distributed between 7 and 21 April 1997. A total of 2063 students (2017 women and 46 men) returned the answered questionnaires within 1 week (response rate of 99.7%). Faculty members of each school checked the submitted questionnaires. When missing replies and/or errors were found, the subjects were requested to answer the questions again. All questionnaires were checked at least once by local staff and once by staff of the study centre. The entire survey was completed before the end of May.
Assessment of dietary habits
We used a self-administered diet history questionnaire (DHQ). The DHQ is a validated, 16-page questionnaire assessing dietary habits in the previous month. Intakes of 147 food items, 16 nutrients and total energy intake were calculated using an ad hoc computer algorithm developed to analyse the questionnaire. More detailed descriptions of the questionnaire, methods of calculating nutrients and the validity are given elsewhere 18, 19 . The 147 foods from the DHQ were grouped into 17 food groups, mainly according to the food composition tables of Japanese foods, 4th revised edition 20 . In this study, sugar, nuts, and mushrooms and sea vegetables were categorised into confectioneries, pulses and vegetables, respectively, because the mean intakes of these items were much lower than those of other food groups.
Assessment of lifestyle variables
Lifestyle variables were obtained from the 4-page questionnaire designed for this survey. It included the frequency of sports club activity and smoking habits. The physical activity level was assessed by the monthly frequency of sports club activity only, without inquiring into the types of sport, their intensity or duration. The subjects who engaged in sports club activity at least once per week in the previous month were defined as 'physically active' and the others as 'sedentary'. Smoking habits were divided into three categories: never, former and current smokers. Data on birth date, and self-reported body weight and height -to the nearest kg and cm, respectively, were obtained from the DHQ. BMI was calculated as body weight (kg) divided by the square of body height (m 2 ). We classified BMI into three categories according to the Japan Society for the Study of Obesity 21 : , 18.5 kg m 22 , 18.5-25 kg m 22 and $25 kg m 22 as 'lean', 'normal' and 'obese', respectively.
Estimation of BMR
BMR was estimated for each subject using the formula for women aged 18 -30 years based on body weight, given by the Food and Agriculture Organization/World Health Organization/United Nations University (FAO/ WHO/UNU) 22 as follows:
Estimated BMR ðMJ day 21 Þ ¼ 0:0615 £ body weight ðkgÞ þ 2:08:
Statistical analysis
For the purpose of statistical analysis we selected only women who completed the questionnaires (n ¼ 2017), and we included 1889 subjects (93.7%) who satisfied the following three criteria in the analysis:
1. Those aged 18 -20 years on the surveyed day (n ¼ 1960); 2. Those with information on sports club activity and smoking habits (n ¼ 1988); and 3. Those with reported energy intake of more than or equal to half of the energy requirement of the lowest physical activity category and less than 1.5 times the energy requirement of the highest physical activity category 23 , i.e. the subjects with reported energy intake of 3.0-14.4 MJ day 21 (n ¼ 1980).
We calculated the EI/BMR ratio to evaluate the validity of energy intake. To compare the relative degree of underand overreporting, we temporarily used the values defined by FAO/WHO/UNU 22 : the minimum survival level of 1.27, the sedentary level for women of 1.56, and the maximum sustainable lifestyle level of 2.0-2.4. We classified the subjects into quintiles of EI/BMR. Distribution of anthropometric and dietary variables across quintiles of EI/BMR was evaluated by calculating the means of these variables for each quintile. Nutrient intakes were energy-adjusted using the energy density model, i.e. the percentage of energy intake for macronutrients and g/mg/mg per 10 MJ energy intake for micronutrients and food groups. The results are given only with the adjustment for sports club activity, because other variables such as smoking and alcohol drinking habits were not statistically different across quintiles of EI/BMR.
We tested the differences across quintiles of EI/BMR by using the PROC GLM procedure with the LSMEANS statement. The chi-square test was used to test for proportionate differences between categories. All statistical analyses were performed using version 8.2 of the SAS software package (SAS Institute, Inc., Cary, NC, USA). A P-value of , 0.05 was considered significant.
Results
The characteristics of the subjects are shown in Table 1 . BMI for all subjects was 20.8^2.6 kg m 22 (meanŝ tandard deviation (SD)). Ninety-five per cent of the subjects were classified into a non-obese group (BMI , 25 kg m 22 ). Energy intake was 7.5^2.0 MJ day 21 (mean^SD). The frequency of sports club activity was 1.7^4.1 days per month (mean^SD). Eighty-eight per cent of the subjects participated in sports club activity less than once per week during the previous month. Regarding smoking habits, most of the subjects (97%) were current non-smokers. Eighty per cent were nondrinkers. EI/BMR for all subjects was 1.43^0.40 (meanŜ D). Figure 1 shows the distribution of EI/BMR values. The distribution is slightly skewed to the right. Some 68% and 37% of subjects showed lower EI/BMR when we compared EI/BMR with the possibly balanced value of 1.56 and the minimum survival level of 1.27 22 , respectively. On the other hand, 2% of the subjects showed EI/ BMR exceeding the maximum value for a sustainable lifestyle of 2.4. Table 2 shows mean values of body weight and height, BMI, BMR and EI by quintile of EI/BMR. A significant declining trend from the lowest to the highest quintile of EI/BMR was observed for body weight, BMI and BMR. As for sports club activity, the proportion of the physically active group increased slightly with increasing EI/BMR. The percentage of current smokers and alcohol drinkers was not statistically different between quintiles of EI/BMR. Table 3 presents mean energy and nutrient intakes by quintile of EI/BMR. Mean fat intake expressed as a percentage of total energy increased with increasing EI/ BMR. A similar tendency was seen for saturated fatty acids, monounsaturated fatty acids and polyunsaturated fatty acids. On the other hand, the energy intake derived from carbohydrate decreased with increasing EI/BMR. Vitamin C did not correlate significantly with EI/BMR. Table 4 presents the mean intakes of food groups by quintile of EI/BMR. When intake was expressed per 10 MJ of energy intake, a significant declining trend from the lowest to the highest quintile of EI/BMR was seen for cereals. A significantly positive correlation was observed for confectioneries, fats and oil, fish, and meats. As for pulses and non-sugar containing soft drinks, neither correlated significantly with EI/BMR.
Discussion
This is the first study to report an inverse relationship between BMI and EI/BMR among young Japanese women. Some previous papers reported that obese subjects in Western countries tended to underreport their energy intake 2, 3, 24 . Despite the fact that the subjects of the present study were relatively lean, 37% of them showed an EI/BMR level below the minimum survival value of 1.27, whereas 2% of the subjects showed EI/BMR exceeding the maximum value for a sustainable lifestyle of 2.4. In the six previous studies dealing with adult populations with cutoff values for EI/BMR from , 1.20 to , 1.28, the mean ratio of underreporters was 40% 3 , which was similar to the rate of possible underreporters in this female Japanese population. This indicates that they tended to underreport, Fig. 1 Distribution of the ratio of energy intake to basal metabolic rate (EI/BMR). Values on horizontal axis show the upper limit of each range (n ¼ 1889) 22 . † Subjects who participated in sports club activity at least once per week were defined as 'active'.
rather than to overreport, their energy intake, similar to the situation observed in Western populations.
To evaluate the validity of energy intake and to identify underreporters, the Goldberg cut-off value has been used widely 14,24 -27 . We did not use the value in the present study, however, for the following two reasons. First, we did not collect enough information to estimate the physical activity level of the population, which is needed to use the Goldberg cut-off value 28 . Second, the purpose of the present study was to evaluate EI/BMR, and to investigate its association with reported nutrient and food group intakes rather than to detect under-or overreporters. In this analysis, we excluded 36 subjects with energy intakes of less than 3.0 MJ day 21 or more than 14.4 MJ day 21 . We also conducted the analyses including these 36 subjects (n ¼ 1925). The results did not change materially (data not shown).
We used the standard formula proposed by FAO/ WHO/UNU 22 . But the prediction formulas for BMR might be inadequate for estimating the true BMR in Japanese populations. According to a previous report, the BMR calculated from the FAO/WHO/UNU formula (1985) was 103 kcal day 21 (314 kJ day 21 ) higher than the measured BMR in female Japanese populations aged 6.8-78.5 years 29 . Taking this into account, our results might overestimate the number of underreporters. To the contrary, the range of 2.0-2.4, which is suggested as the maximum value for a sustainable lifestyle, was included in the fifth quintile of EI/BMR. Therefore, the results should be interpreted cautiously both for possible under-and overreporters. In addition, we applied BMR and BMI calculated from self-reported body weight and height. They might be biased (for example, see reference 30). However, some studies have reported that BMI calculated from self-reported body height and weight correlated highly with measured BMI 31, 32 . These studies suggest that BMI calculated from self-reported body weight and height is, at least, a reliable measure for use in association analyses. We have therefore used these values both in our previous paper 33 and the present report. Several previous studies have examined non-dietary factors such as physiological and psychological factors associated with energy intake 3, 26, 34, 35 . Here, we examined the effects of physical activity, smoking habits and alcohol intake on reported energy intake ( Table 2 ). The proportion of the active group was increasing slightly, whereas that of the sedentary group was decreasing, along with the increase in EI/BMR, which indicates that a more active lifestyle is associated with higher energy requirements. As for psychological factors, we examined the association between EI/BMR and desire for body weight change, expressed as the difference between ideal and present BMI (data not shown). We observed a linear trend between EI/BMR and the difference in BMI. However, when present BMI, the difference between ideal and present BMI, sports club activity and smoking habits were entered in a model for multiple regression analysis, the difference between ideal and present BMI did not reach a significant level. Therefore, present BMI seems, at least in this population, to be the most important factor affecting the reporting of food intakes and predicting underreporting.
We examined whether low-energy reporters underreported all nutrients equally or reported some specific nutrients lower than others. Energy from carbohydrate was significantly higher, whereas that from fat was significantly lower, in the lower quintiles of EI/BMR (Table 3) . Among the micronutrients examined, vitamin C was not significantly different across the EI/BMR groups. According to the review by Livingstone and Black 3 , energy from protein tends to be reported significantly higher, whereas that from fat is reported lower, in low-energy reporters.
Few studies have examined the bias in reporting of meal patterns and the types of food consumed 26, 36, 37 . In previous studies, low-energy reporters tended to report the consumption of 'socially desirable' foods such as fish, fruit and salad higher, whereas 'socially undesirable' foods such as snacks, cakes, sugar and fats were reported lower. According to Hebert et al. 38 , women show higher 'social desirability' scores associated with lower reported fat and energy intakes than do men. In the present study (Table 4) , the reported intake of cereals was higher, while in contrast intakes of confectioneries, fats and oil, fish and meats were lower, in the lower EI/BMR groups. We analysed the data on soft drinks divided into sugar-containing and nonsugar containing drinks. Neither type of drink correlated significantly with EI/BMR, which is somewhat different from the results observed in Western populations 27 .
Our results might not be representative because the subjects were not a random sample of the general Japanese population, but selected female dietetics students aged 18-20 years. Because they were freshmen enrolled in dietetics courses, the participants in this study might be highly health-conscious. To minimise the influence of nutritional education, we finished the survey within almost one month after their entrance to the course. According to the Japanese National Nutrition Survey in 1998, the percentages of subjects aged 15 -19 years with Significance level compared with the first quintile of EI/BMR: *, P , 0.05; **, P , 0.01; ***, P , 0.001.
BMI , 18.5 kg m 22 and $ 25 kg m 22 were 20% and 6%, respectively 39 . It was 16% and 5%, respectively, in the present study. The distribution of BMI was not markedly different between the two surveys. Compared with Western populations 40 , Japanese women are generally leaner in this age range. Nevertheless, we observed the tendency of underreporting, rather than overreporting, similar to that found in Western populations. This indicates that inaccuracy of energy intake should be taken into account when the results of dietary surveys are interpreted, even in a non-obese population such as young Japanese women.
In summary, our study found a significant correlation between BMI and EI/BMR. Moreover, a majority of the subjects underreported their energy intake in spite of being relatively lean. However, the participants in this study were not representative of the Japanese population as a whole. Further studies are needed to examine whether the correlations observed in the present study are commonly observed in other Asian as well as in other Japanese populations.
